SUMMARY A patient with Waldenstrom's macroglobulinaemia presented with visual reduction in both eyes. The funduscopic and angiographic demonstrations of venous engorgement ('string of sausages'), retinal haemorrhages at all levels, retinal and disc oedema, and serous detachment of the maculas were consistent with this diagnosis. The cryoprecipitation of the immunoglobulin at a temperature slightly below body temperature precluded routine blood studies and plasmapheresis. Plasmapheresis was ultimately performed without difficulty with the patient and equipment at 88°F (31°C). Despite marked improvement in the funduscopic and angiographic appearance of the retina, perifoveal capillary nonperfusion and serous elevation of the macula persisted. Even when the maculas flattened in both eyes, no visual recovery occurred. Early diagnosis, even on a clinical basis when laboratory studies cannot be performed, and early plasmapheresis to reduce serum viscosity are warranted to prevent intravascular occlusion in the perifoveal capillary bed, deposition of immunoglobulin in the retina, and transudation in the subretinal space.
Intravascular hyperviscosity in Waldenstrom's macroglobulinaemia produces a pattern of retinal changes including increased diameter and 'string of sausages' appearance of the retinal veins; dot, blot, and flame-shaped haemorrhages; retinal and disc oedema; and serous retinal detachment." Fluorescein angiography shows microvascular changes such as the formation of microaneurysms, especially in the perifoveal area, and discrete areas of capillary nonperfusion. 2 The high intravascular concentration of IgM (molecular weight 600000 to 1 000000) is produced by a single B-cell line, and accounts for the elevated intravascular volume that dilates the venous and capillary beds of the retina. Center at the Wilmer Institute, the best corrected visual acuity was 7/200 in the right eye and 5/200 in the left eye. The anterior segment and vitreous were normal. Fundus examination showed venous engorgement, 'sausaging' of veins, retinal haemorrhages at levels within the retina, oedema of the disc and retina, and serous detachment of the macula (Fig. 1A,B) . Fluorescein angiography highlighted the venous and capillary bed abnormalities, especially microaneurysm formation and perifoveal nonperfusion. (Figs. 2A,B) . Outside of the posterior pole, similar changes were more severe focally (Fig. 3) .
The patient had hypertension, and the liver, spleen, and several lymph nodes were enlarged. It was impossible to evaluate haematological or biochemical parameters because the patient's blood was too viscous to be analysed. Subsequently, the patient's paraprotein was determined to be a cryoglobulin. A lymph node biopsy was nondiagnostic, but a bone marrow biopsy revealed focal aggregates of lymphocytes consistent with Waldenstrom's macroglobinaemia.
Initial attempts at phlebotomy and replacement with saline did not improve the patient's symptoms.
Subsequently he underwent plasmapheresis in his hospital room, which was heated to 88°F (31°C) in an attempt to prevent agglutination of the blood in the machine. The first serum viscosity that could be measured (2 February 1981) was 7-8 (normal 1-4-1P8) (see Table 1 Viscosity measured with the Ostwald-Viscometer relative to the viscosity of saline. Values less than 1-6 are within normal limits.
temperature slightly less than body temperature. The reduced vision and funduscopic and angiographic findings were the only criteria for diagnosis, since laboratory confirmation of increased intravascular viscosity could not be made until the patient had been subjected to plasmapheresis to remove the cryoglobulin. Initial management with aspirin and Persantine at another hospital failed to preserve vision and may in fact have had no effect on platelet aggregation in this case, in which hyperviscosity resulted from large intravascular immunoglobulin molecules coating the platelets. When the patient was first seen at the Wilmer Institute, vision was reduced to 5/200 and 7/200 in the right and left eyes, respectively. The results of the funduscopic examination showed all of the classic findings of hyperviscosity retinopathy -'string of sausages' change in retinal veins, haemorrhages at all levels in the retina, retinal oedema, and exudative (serous) retinal detachment.
Innovative plasmapheresis was serially performed with patient, equipment, and personnel working in a heated room with the ambient temperature above 88°F (31°C). The patient and equipment tolerated the procedure on many occasions, and ultimately enough (Figs. 5A,B) . Serous the capillary bed and venous circulation. No evidence of remodelling of the perifoveal capillary bed was found in this case. Microaneurysms were prevalent throughout the entire posterior pole in each eye. After plasmapheresis they were almost entirely absent in both eyes; apparently this microvascular change was reversible. In one report microaneurysms actually increased following plasmapheresis.2 Mechanical obstruction of the capillary bed by aggregated blood components or true thombus was apparently not reversed by plasmapheresis. Recanalisation of the thrombi did not occur.
Chronic serous detachment, though asymmetrical, was present for 5 months following plasmapheresis. This finding resembled idiopathic central serous retinopathy when the retinal vascular changes cleared and surrounding retinal and disc oedema resolved. The fluorescein angiographic examination, however, showed neither unifocal nor multifocal leaks in the pigment epithelium. Minimal late pooling of fluorescein in the serous detachment was seen. The chronicity of the detachment may have played an important role in the poor visual result in this patient. Prolonged serous detachment of the macula in central serous retinopathy is a recognised cause of visual reduction to levels less than 20/200.9
The pathophysiology of these detachments may be unique. A recent report of the immunofluorescent staining of the retina in a patient with Waldenstrom's macroglobulinaemia showed the presence of immunoglobulin in the superficial retina, centrally in the cystoid spaces, and surrounding the photoreceptors.5 Serous detachment of the macula was not reported; however, Bruch's membrane and the choroid were absent on the histopathological section. These authors postulated extravasation of immunoglobulin in the superficial retina. They did not suggest a trans-pigment-epithelial route for immunoglobulin deposition in the subneurosensory retinal space. In their study the presence of high concentrations of immunoglobulin around the rod and cone outer segments would make this a plausible route. If the serous macular detachment had been the result of immunoglobulin deposition with its concomitant oncotic pressure, prolonged serous 
